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RARQ - high conservation between human and mouse (sequence)

Retinoic acid receptor beta (RARp)

RARB E : Rarf
12345789101112%%%%%%@%2 225 6 8 6 SE
RARB 455 amino acids RARB 482 amino acids
P22G605 FARE_MOUSE - Retinoic acid receptor beta Mus muscu lus (Mouse])
E-value: 0.0
Score: 2333

Ident.: 92.3%% 0 ° ° °
98% Similarity
COuary Length: 455

Match Length: 452
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RARB is expressed in the Striatum

Mouse Brain

Human Brain
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Retinoids, RARs/RXRs, and striatal functions

Development Adult physiology Dopamine signalining

e striatonigral MSN (DRD1+) \
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® striatopallidal MSN (DRD2+)/

» Striatal functions : motor control, cognitive functions, habits, affect...

» Striatum controls brain activities through balanced signaling of striatonigral and
striatopallidal project Medium Spiny Neurons (MSNSs)

» Dopamine controls both types of MSNs through Drd1 and Drd2 receptor



Retinoids, RARs/RXRs, and striatal functions

Development Adult physiology Pathology

@ striatonigral MSN (DRD1+)
\ RARS -/-
RARBR387C %
ﬁ

MCOPS12?

® striatopallidal MSN (DRD2+)/

» Do RARP mutations lead to unbalanced dopamine signaling and striatal functions ?

> A NEED FOR AN EXPERIMENTAL MODEL



Allelic series of RARP mutant mice models to study MCOPS12

Loss of Function (LOF) Gain of Function (GOF)
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Allelic series of RARP mutant mice reproduce key MCOPS12 symptoms
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Novelty-induced
locomotor activity
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Progressive behavioral deficits point to a window of opportunity for MCOPS12 treatment

An exemple of progressive behavioral abnormalities in Rar/?347¢/* mice - hyperactivity
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Progressive phenotypes in mice models (age of onset): Developmental phenotypes in mice models (age of onset):
* Sponatneous hyperactvity (8-10 weeks) * Microphtalmia (pre-natal)
*  Memory deficits (8-10 weeks) * Coordination deficits (post-natal day PO - P217?)

* Growth defcits (3-4 weeks)




Drug repurposing program - Aypothesis driven

Valid animal models of disease
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Mechanisms ?
(... and related biomarkers)
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Behavioral changes (disease symptoms = functional readouts)
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Mechanisms - Genes differentially expressed across mouse models (mA~RNAseq, striatum)

Upregulated genes

Downregulated genes

Number RarbR387¢/+ Rarbl402p/+ Rarb”- Rarb*’-

of DEG*
RarbR387¢/+ 979 NA 461 (47%) 122 (12%) 7 (0.7%)
Rarb402¢/+ 1186 461 (39%) NA 198 (17%) 12 (1.0%)
Rarb”- 411 122 (30%) 198 (48%) NA 39 (10%)
Rarb*/ 58 7 (12%) 12 (21%) 39 (67%) NA
RarbR387¢/+ 1386 NA 777 (56%) 213 (15%) 15 (1.1%)
Rarb402¢/+ 1334 777 (58%) NA 253 (19%) 21 (1.6%)
Rarb’- 390 213 (55%) 253 (65%) NA 31 (8%)
Rarb*- 41 15 (37%) 21 (51%) 31 (76%) NA




Mechanisms - Gene Ontology (GO) analysis of downregulated direct targets of Rarb
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"~ Mechanisms - Reduced number of Drd2+ spMSN in MCOPS12 allelic series
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Striatum (in situ hybridisation)



Compromised Drd2+ spMSN signaling leads to unbalanced dopamine modulation of MSNs

Development Adult physiology Pathology (MCOPS12)

Activate
(Drd2 agon/ts Pramipexole)

e striatonigral MSN (DRD1+) \

RARB -/-
RARPR387C
- ’f
Inhibit
/ (Drd1 antagonist)
® striatopallidal MSN (DRD2*)

Hyperactivity, Coordination, Cognition ?




Injection i.p.
0.2 or 2 mg/kg

30 minutes 32h actimetric
after injection cages recording




Injection i.p.
0.2 or 2 mg/kg

30 minutes 32h actimetric
after injection cages recording
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Motor coordination deficits are not
rescued by pramipexol treatment.

Hyperactivity is not rescued by
pramipexol treatment.




Mechanism - Investigating Medium Spiny Neuron SYNAPSE

Hypothesis :

\ (f MCOPS12-causing RARB variants alter
J striatal cellular communication at
SYNAPSE level

Objective :

Proteomic analyses of
synaptic compartments



Mechanism - Investigating Medium Spiny Neuron SYNAPSE
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' | Striatum Collection

Synaptosomes isolation
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Proteomics
Mass spectrometry




Mechanism - SYNAPSE preparation

' Step by Step Workflow

Wild type

-~

RarBKO

Striatum dissection Homogenization Sucrose gradient
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' ' Validation of the technique:

Whole synapses isolation
—( Wild Type ) “{ RarpKO )

Sucrose gradient-based separation profile of synaptosome fraction
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!zolm
— Myelin
Light
membranes
— Light membranes
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- ———
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Mechanism - SYNAPSE preparation

v ¥
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Validation of the purity of the
synapse preparation :

Conforming Synaptic protein enrichment analyses using SynGO software

Cellular Component

[ postsynapse

B presynapse

[ synaptic membrane

B synaptic cleft
extrasynaptic space

Biological Process

B synapse organization

B process in the presynapse
[ process in the postsynapse
B synaptic signaling
B metabolism

B transport




Protein composition of synapse (proteomics)
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Mechanism - Increased glutamatergic signaling ?

RarBKO VS Wild Type
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Functional relevance of Glutamatergic signaling upregulation

v ¥V ¥
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Similar neurological symptoms
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Treatment - Inhibiting glutamatergic signaling as strategy to normalize behavior ?

Functional relevance of Glutamatergic
' signaling upregulation
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Functional relevance of Glutamatergic
' signaling upregulation
—( Wild Type ) “{ RarpKO )
NMDA antagonist Males Females
e Wild type o Wild type
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MK801 * ok * ok
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Normalized locomotor activity during first hours of dark phase

Side effects
—>Not approved for Human

Treatment - Inhibiting glutamatergic signaling as strategy to normalize behavior ?

Locomotor
Activity
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Treatment - Inhibiting glutamatergic signaling as strategy to normalize behavior ?

v

—( RarB KO )

NMDA antagonist

—( Wild Type )

Memantine
(EBIXA)

Acute treatment
30mg/kg

|FDA APPROVED]

Locomotor activity
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Chronic treatment
10mg/kg

Functional relevance of Glutamatergic
signaling upregulation

Locomotor

Males Females Activity
* %k
* 1
‘ ko
e e *  Wild type 6ooq  _ **  Wild type
° o RarbKO * % * o RarbKO
-E:’ o
=) o
400+ ° WS X 400
o O m©
© @ -}
— E o
[=](=] (@]
-.6 e . ° -1 .
2004 ° . g S s00d < | o
3 o 0 ° .
o 00
j | F ﬁ i F i ﬁ
0= i 0-
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Treatment-dependent (Efficacy of Acute high dose treatment)
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Functional relevance of Glutamatergic
signaling upregulation
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Treatment-dependent (Efficacy of Acute high dose treatment)



Treatment - Inhibiting glutamatergic signaling as strategy to normalize behavior

Functional relevance of Glutamatergic

signaling upregulation
Locomotor
Activi
NMDA antagonist ' ' ctivity

Memantine —( Wild Type ) " Rarpko ) “{RarpR387C)
(EBIXA)

Acute treatment
30mg/kg

Targeting glutamatergic signaling may offer a
[FOAAPPROVED] ™

potential therapeutic approach
for reducing hyperactivity-related symptoms
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Targeting glutamatergic signaling may offer a
potential therapeutic approach
for restoring memory deficist

Chronic treatment -
10mg/kg
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Biomarker study




Rationale of PhD Project

One functional copy is sufficient

1 copy of WT RARB mRNA
T P T ™

Functional RARP protein

[ Normal RAR function ]

One pathogenic point mutant

DADXD(  DXXDXIX
|
WT mRNA Mutant mRNA
ﬂ'rW W”h—(‘

I=unctional protein

Pathogenic protein

ALPHA 1 ROSE

THERAPEUTICS

ASO therapeutic strategy
(ASO: antisense oligonucleotide)

MDD DD
|

WT mRNA Mutant mRNA
T et AT e et
A
l ASO
Functional protein
™ 3 %

[ Restored cellular function ] ?

Chemolibrary screen
(Simon’s neural stem cells)

ye

Screening

1-point at 10 M

5406 cpds

L hits

>T0% inhibition and cell vistality
256 cpds

.

Lo

i

Confirmed hits
10-point DRC anabysis

221 cpds

. 4

Final hits
n-e

54 cpds
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Limitation: No reliable functional biomarkers for monitoring efficiency of treatment



v ¥V ¥

— RarBKO ) '<RarpR387C) ' RarPL402P)

4 N

Identify biomarkers for ASO efficacy and phenotypic drug screening
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